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MEMORANDUM  FOR  MR.  R.  PHILLIPS, 

CHAIRMAN.  WATER  FACILITIES  BOARD. 


Dear  Mr.  Phillips: 

Attached  is  a  copy  of  "Operations  Guidance  Report  on  Water 
Facilities  for  Bear  Butte  Creek  Watershed,  Elk  Creek  Watershed, 
Boxelder  Creek  Watershed,  South  Dakota." 

This  report  was  released  by  Mr.  E.  C.  Gwillim,  District 
Water  Utilization  Supervisor,  to  field  representatives  of  S.C.S. 
and  F.S.A.    The  dates  of  the  releases  and  the  names  of  the  indi- 
viduals of  S.C.S.  and  F.8.A.  "who  have  received  copies  are  given 
below: 


A  copy  of  this  memorandum  is  being  sent  to  Mr.  Bear  and 
Mr.  Hauter. 


Copies 
Released  to 


Date  of 
Release 


Cal  A.  Ward,  F.S.A. 
Lincoln,  Nebraska 
(4  copies) 


July  13,  1940 


A.  E.  McClymonds,  S.C.S. 
Lincoln,  Nebraska 
(3  copies) 


July  13,  1940 


Very  truly  yours 


M.  M.  Kelso, 
B.A.E.  Member, 
Water  Facilities  Board. 
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1,'r.  t:.  iU  Kelso,  Heed, 

Division  of  Land  Economics. 

Dear  fcr .  Kelso: 

The  following  Operations  Guidance  Report  on 
v;ater  Facilities  for  Bear  Butte  Creek  Viatershed, 
Elk  Creek  'watershed  and  Boxelder  Creek  watershed. 
South  Dakota,  was  prepared  under  the  general  super- 
vision of  Fxiward  C.  Gwillim,  District  V.ater  Util- 
isation Supervisor. 

VJendell  C.  Hunson,  Assistant  Hydraulic  Engi- 
neer, was  assigned  direct  responsibility  for  the 
field  work  and  the  preparation  of  the  report.  He 
was  assisted  directly  by  Kirk  t .  Sandals,  Assistant 
Hydraulic  Lji£ineer.    George  P.  Lacharf  Assistant 
Economist,  analyzed  the  economic  data  and  assisted 
Lr.  iunson  in  the  preparation  of  the  report. 

Very  truly  yours, 

Homer  1 •  Wells,  Acting  in  Charge, 
Viator  Utilization  Section, 
Division  of  Land  Economics. 
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This  report  on  the  development  of  snail  wator  facilitios 
for  Bear  Butte  Greek,  Elk  Creek,  and  Bcaceldor  Creek  ratershods 
has  been  prepared  under  the  authority  and  provisions  of  tho  ".atcr 
Facilitios  Act  (Public  'To.  509  -  75th  Congress)  approved  August 
29,  1937,  and  the  Secretary  of  Agriculture fs  memorandum  of  July 
1,  1958,  on  administration  of  tho  vater  Facilitios  Program. 

Dear  Butte,  ISlk,  and  Boxelder  Creek  Tvatorsheds  were  author- 
ized for  area  planning  !Tay  1,  1939,  as  indicated  in  South  Dakota 
State  Memorandum  TTo.  4.    Operations  v.<ere  authorized  by  the  ""ater 
Facilitios  Eoard  on  Kovcriber  1,  1939,  to  proceed  concurrently 
mth  area  planning  as  soon  as  the  Bureau  of  Agricultural  Economics 
can  supply  an  "Operations  Guidance  Report."    Formal  notification 
of  the  Board's  action  is  contained  in  South  Dakota  State  I'cmoran- 
dum  Ho.  7,  dated  November  G,  1939. 
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SUMMaKT 

The  Bear  Butte,  Elk,  and  Boxelder  Creek  watersheds  are  located 
in  west  central  South  Dakota  and  occupy  portions  of  Lawrence,  Feade, 
and  Pennington  counties. 

The  topography  of  the  area  is  mountainous  at  the  headwaters, 
and  there  Is  a  sharp  break  from  mountainous  to  plains  characteristics 
about  15  miles  below  the  headwaters. 

The  climate  of  tte  area  is  generally  semiarid,  with  widely 
varying  and  extreme  temperatures  and  highly  variable  and  erratic 
precipitation.    Precipitation  is  influenced  by  the  Black  Hills  Mass, 
and,  because  of  this  influence,  is  frequently  much  higher  than  normal© 
Periods  of  drought  alternate  irregularly  with  periods  of  above  normal 
rainfall. 

In  the  Black  Hills  portion  of  the  area,  exposed  geologic  ma- 
terials consist  of  limestone,  sandstone,  shale,  granite,  and  schist. 
The  rolling  plains  are  composed  primarily  of  shale  and  clay.  Stream 
valleys  and  upland  divides  contain  alluvial  gravels,  sand,  and  clay 
in  thickness  of  from  1  to  SO  feet.   Ground  water  is  generally  avail- 
able in  the  headwater  areas  at  depths  of  from  10  to  1,200  feet.  In 
the  plains  portion,  ground  waters  are  not  economically  available  ex- 
cept along  streams  and  locally  on  inter  stream  areas. 

The  streams  in  the  area  generally  have  a  moderate  flow  in  their 
upper  reaches,  due  primarily  to  discharge  of  springs.    However,  in 
all  the  streams  the  late  summer  flows  are  entirely  dissipated  as  they 
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pass  en/or  the  liraostonbs  arid  sandstor.es  at  the  eastern  edge  of 
tho  Black  Hills. 

The  raters  of  South  D&Vrti*  bo?  on;-  to  tho  public,  and  tho  non- 
navigable  "rcators  are  subject  to  appropriation  for  beneficial  use* 
The  streams  in  tho  area  are  greatly  ovorappropriatod,  and  care  must 
bo  exercised  not  to  interfere  rith  prior  rater  rights  in  any  rater 
conservation  developr.ont. 

Existing  water  facilities  consist  of  direct  flov:  irrigation, 
stock  -water  ponds,  famstead  toIIs,  and  a  forr  flood,  irrigation 
facilities. 

There  ras  considerable  interest  in  irrigation  about  1929, 
and  some  later  investigations  xore  made  prior  to  tho  tine  that  this 
reconnaissance  survey  -was  made.    There  has  boon  no  developr.ont  of 
these  proposed  projects. 

The  area  is  used  primarily  for  livestock  production.  Approx- 
imately 10  per  cent  of  the  land  is  under  cultivation.    Gash  crop  pro- 
duction lias  decreased  materially  during  the  drought,    "heat  yields 
averaged  about  9  bushels  per  aero  during  the  period  1923  to  1959,  and 
averaged  about  6  bushels  per  acre  during  the  last  3.0  years. 

Although  it  is  realized  tliat  the  recomnendatiens  made  in  this 
report  arc  of  a  very  general  nature  and  subject  to  variations  in 
individual  cases,  v;ator  facilities  should  not  be  developed  on  units 
rMch  do  not  neet  at  least  the  minimum  requirements  as  set  forth 
heroin,  without  careful  consideration  and  justification- 
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New  direct  flow  Irrigation  development  should  not  bo  cent on.p3.at od. 
Until  such  tire  as  there  is  a  definite  break  in  the  period  of 
lor;  rainfall,  development  of  flood  irrigation  should  be  United 
to  Mentions  "which  liave  sufficient  drainage  ares  to  provide  run- 
off during  this  dry  period  and  rchich  have  sufficient  potential 
irrigable  acreage  to  utilize  the  increased  run-off  during  periods 
of  norral  precipitation. 

Stock  water  reservoirs  should  bo  constructed  with  sufficient 
depth  to  carry  rotor  over  for  ore  year. 

Neither  flowing  nor  pumped  artesian  wells  are  believed  to  be 
economical  in  the  plains  portion  of  the  area  unless  other  means 
of  supplying  farmstead  and  livestock  water  are  not  available, 
and  in  no  case  should  artesian  wells  be  drilled  with  the  intent 
of  supplementing'  stream  flow  for  livestock  use.    Artesian  wells 
should  be  drilled  only  after  detailed  investigations  of  an  in- 
dividual location  have  been  made. 

In  the  Black  Hills  and  areas  immediately  adjacent  thereto,  pumped 
and  flowing  ~ells  should  provide  ground  water  for  range  livestock 
and  farmstead  uses.    Some  flr>T7ing  wells  may  provide  for  the  irri- 
gation of  tracts  larger  than  farmstead  gardens. 
T-fccisting  irrigation  facilities  should  bo  reconditioned  and  due 
consideration  given  to  the  possibility  of  combining  some  of  the 
present  direct  flow  irrigation  systems  • 
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6.  Mechanical  plugging  of  sink  hoi  go  is  not  rocormendod. 

7.  T.ajor  reliance  for  farm  income  should  be  placed  upon  livestock 
production. 

8.  Tho  minimum  unit  recommended  requires  long-time  control  of  at 

five. 

least  «5be=-  sections  of  grazing  land  and  sufficient  crop  land  to 
provide  vdnter  feed  and  adequate  feed  reserves. 

9.  As  much  as  possible  of  the  food  needed  to  moot  family  require- 
ments should  be  produced  on  each  of  the  operating  units  in  the 
area,    ".hercver  possiblo,  advantage  should  bo  taken  of  available 
rater  facilities  in  providing  family  size  irrigated  gardens. 


?u?.?C3T:  atd  scope 

The  purpose  of  this  report  is  to  furnish  guidance  to  the 
operating  agencies  of  the  "atcr  Facilities  Program  in  the  develop- 
ment of  water  facilities  on  Dear  Butte,  331k,  and  Boxelder  Greek 
x*3atorsheds,  South  Dakota. 

The  scope  of  this  report  is  linited  to  indicating  the 
physical  limitations  of  the  development  of  water  facilities  in 
accordance  with  the  proper  utilization  of  land  and  water  resources 
of  the  areas.    Because  of  their  locations  and  other  similar  char- 
acteristics which  tend  to  blend  tho  problems  of  the  different  rater- 
sheds,  these  areas  have  been  considered  jointly  in  one  report. 
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dzdsc^iptioi:  o»  arfz 

location  axicl 

The  Dear  Butte,  KLk,  and  Boxelder  Creek  watersheds  are 
located  in  wo3t  central  South  Dakota  and  occupy  portions  of 
Lawrence,  T'eadc,  and  Pennington  counties. 

Bear  Butte  Crook  '"Watershed,  the  northernmost,  is  bounded 
on  the  north  by  the  '"hitewood  Crook  Drainage,  and  on  the  south  by 
the  Alkali  Creek  Drainage.    It  occupies  an  area  of  aboiit  210  square 
miles  and  flows  northeastward  from  the  Black  Hills  for  about  35 
miles  to  the  Belle  Fourcho  River. 

The  headwaters  of  the  131k  Creek  "atershed  lie  south  of  the 
headwaters  of  Bear  Butte  Creok.    IHk  Creek  flows  eastward  for  about 
75  miles  to  enter  Cheyenne  River  and  has  a  drainage  area  of  about 
550  square  milos.    The  watershed  is  bound od  on  the  north  by  the 
drainage  of  Alkali  Creek  and  on  the  south  by  the  drainage  of 
Boxelder  Creek. 

Boxelder  Creek  '.atorshed,  which  lies  south  of  the  131k  Creek 
Drainage  and  north  of  the  drainage  of  Rapid  Creek,  has  a  drainage 
area  of  about  400  square  miles.    Boxelder  Creek  rises  in  the  Black 
Hills  and  flows  generally  eastward  for  about  GO  milos  to  its  con- 
fluence with  the  Cheyenne  River. 
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ToTX)rrar>hy 

All  tC'i«ii»  eftvoans  riso  in  the  Elack  fells,  and  the  upper 
portions  cf  their  basins  rsay  be  classed  as  riountainous .  ^he 
streams  leave  the  Slach  Hills  about  15  r.iles  belor  their  head- 
v,aters  ana  breol  into  cm  area  of  rolling  plains,  interrupted 
occasionally  by  undulating  to  heavily  rolling  areas.    The  princi- 
pal topographic  feature  of  the  a  rot-,  is  Bear  Butte,  a  large  rhyo?.ite 
»:lu£f,  vhicJi  rises  ale-;*  1,400  Toot  above  the  adjoining  plains. 
iQevatlonw  vary  .frer.  about  6,200  foot  above  sea  level  at  the  bend- 
r&fcsrs  io  about  1.400  foot  at  the  eastern  edge  of  the  area. 

Ls.jor  streaa  valises  ara  narrow,  7^-shaped  canyons  in  their 
upper  portions,  bat  become  ividts,  flat~bot toned,  and  cownonly 
U-shaped  upon  reaching  the  margin  of  the  Black  Hills  •  I^cisting 
channsla  Kssnds.r  within  the  confine?  of  the  valley  proper. 

Tributary  valleys  are  rapidly  falling  drains  .hich  have  roll 
defined  channels  and  v.bich  break  sharply  onto  broad  terraces  and 
stream  bottoms..    Ictersirearc  areas  are  undulating  to  rolling. 

The  lc».'cr  portions  of        ard  Bcocelder  Creeks  have  estab- 
lished a  heavily  rolling  to  rough  and  broken  topography. 

Clinatic  Conditions 

The  clinato  of  the  area  Is  gcrerally  sercinrid,    ith  rldoly 
vaiying  an/.1  extreme  temperatures  and  highly  variable  and  erratic 
precipitation.    The  precipitation  is  influenced,  by  the  Slack  Tills 
!  ass  and  is  frequently  nuch  higher  than  nomal.    Periods  of  drought 
alternate  irregularly  vdth  periods  of  above  nomal  rainfall. 


Records  o£  tha  United  States  Weather  Bureau  stations  -within 
tho  area,  at  Port  I&adOj  a*rl  adjacent  to  tho  area,  at  Rapid  City, 
show  tho  normal  precipitation  to  be  20*29  and  17#4S  inches  respac- 
lively*    The  record  at  Fort  Meade  is  for  the  40-year  period,  1079 
to  1918,  and  that  at  Rapid  City  is  for  the  52-y3ar  period,  1880  to 
1939*    About  75  per  cent  of  the  annual  precipitation  occurs  during 
the  growing'  season,  April  to  September,  inclusive*    Table  1  shows 
the  variation  in  precipitation  at  tha  station  at  Itepid  City,  South 
Dakota,  during  the  critical  portion  of  tha  graving  season. 
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Table  1. — Variations  in  Precipitation  for  tho  T'onths  of 
April  to  JvJLj  inclusive,  .paring  the  Period 
1888  to  1039,  at  Papid  City,  South  Dakota 


Ysars  Bele 

i 

< 

L..  r'«WIe 

!*omal 

Average 

Por.lh 

JTwnbor 

Procip~ 

!*uriber 

Prtc  im- 

Per Cent 

Pel  Cent 

rax-,. 

itation 

itation 

cf  Total 

Of 

(inchar.  ) 

finches 5 

Yeara 

Porral 

(inches) 

April 

5? 

1.C9 

31 

0.94 

50.6 

40.7 

4.40  0.32 

Vay 

52 

3.39 

2C 

2.13 

53.8 

62.0 

8.15  0.09 

Juno 

52 

E  op 

S6 

2.  00 

50.0 

62.5 

7.54  0.50 

July 

52 

2  •  33 

52 

1.20 

61.5 

54.0 

0.66  0.13 

Sou:  <;G : 

TT  f" 

Department 

of  Agp?ic'&tare  "'cs.ther  Durear'  Itocords. 

As  shotai 

in  Tabic  1 

,  fr<n 

50  ,.0  to  01 

,5  jx>r  cent  cf  th*» 

yonr^  of 

r~aord  have  had  balovr  no  trial  rainfall  dtering  the  early  part  of  the 
jr^rcsdng  season.    During  these  months  of  belor  normal  precipitation, 
the  rainfall  varied  from  40. ?  to  32.8  per  cent  of  the  normal  -  These 
rtjeordc  iXlutitrato  the  futility  of  normal  rainfall  expectancy.  ?re- 
3ip.ltat.lon  ha?  been  bolcw  noTRal  every  year  since  1933,  and  tho  annual 
precipitation  durilifj  thir>  6-year  period  has  been  only  70  per  cent  of 
the  normal.    This  indicates  the  need  for  the  conservation  and  rdsc 
utilisation  of  available  vater  resources  to  assure  crop  production 
is  >his  area* 

ffcrwwr  rains  are  usually  local  and  arc  occasionally  of  cloud- 
burst intensity.    The  rroatost  precipitation  recorded  in  a  24-hour 
poriod  at  Papid  City  rns  5.57  inches,  in  !*ay  1926.    3umer  stems 
are  frequently  accompanied  by  hirrh  yrinds,  and  sovorc  hail  3toms 
are  not  uncocwon.    Snowfall  in  the  area  avornrjes  about  34  inches 
9nd  drifts  considerably. 
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Temperatures  vary  from  106°  above  to  34    below  zero.  The 
mean  annual  temperature  is  47°.    The  average  maximum  temperature 
is  about  58°,  and  the  average  minimum  temperature  is  about  35°. 
The  frost-free  period  is  about  154  days. 

The  prevailing  wind  in  the  area  is  from  the  west  in  the 
fall  and  from  the  north  the  remainder  of  the  year  with  the  excep- 
tion of  June ,  -when  it  is  from  the  south.    Average  wind  velocity  is 
about  8  miles  an  hour.    Chinock  v.inds  occur  occasionally  during 
the  later  winter  months  and  cause  sudden  and  sharp  rises  in  temper- 
ature.   June  and  July  winds  are  often  hot,  dry,  and  of  high  velocity, 
and  are  often  destructive  to  growing  crops. 

Geology  and  Ground  Vteter 

In  the  Black  Hills  portion  of  the  area,  exposed  geologic 
materials  consist  of  limestone,  sandstone,  shale,  granite,  and 
schist.    The  rolling  plains  are  comoosed  primarily  of  shale  and 
clay.    Stream  valleys  and  upland  divides  contain  alluvial  gravels, 
sands  and  clay  in  thicknesses  of  from  1  to  30  feet. 

The  formations  in  this  area  dip  to  the  east.    Formations  in 
the  Black  Hills  dip  more  steeply  than  those  in  the  plains  and  are 
carried  to  considerable  depths  underground  within  a  few  miles 
eastward  from  the  margin  of  the  Hills. 


Ground  waters,  vMch  in  most  cases  are  of  satisfactory  quan- 
tity and  quality  for  livestock  sad  farmstead  uses,  occur  in  the 
sandstones  and  alluvial  materials  of  the  Black  Kills  and  in  the 
alluvial  materials  of  the  plains .    In  certain  localities  these 
waters  are  available  to  pumped  wells  from  depths  of  10  to  ZOO  feet, 
and  to  artesian  wells,  YJhich  may  be  either  flowing  or  non-flowing, 
from  depths  of  £00  to  1,200  feet.    A  description  of  geology  and  the 
availability  and  character  of  ground  water,  by  ground-T^ter  areas, 
is  given  on  Map  2. 

With  special  reference  to  artesian  areas,  it  is  suggested  that 
drilling  be  initiated  only  after  detailed  investigations  of  an  in- 
dividual location  lave  been  carried  out.   Further,  veils  which  derive 
their  supply  from  the  sane  water-bearing  formation  should  not  be 
located,  in  such  proximity  that  they  will  interfere  with  the  yield  of 
each  other. 

Soils  ard  Vegetative  Cover 

The  soils  of  the  area  are  primarily  residual  and  are  derived 
largely  from  the  Pierre  shales.    The  predominating  soils  are  clays 
and  clay  loams,  and  they  arc  used  primarily  for  gracing  purposes. 
The  portion  of  the  area  most  extensively  cultivated  is  located  im- 
mediately east  of  the  Black  Hills,  where  the  soils  are  derived  from 


the  Spearfidi  sandy  shales  and  sandstones.    The  terraces  and 
alluvial  bottomlands  throughout  the  area  are  likewise  utilized 
for  crop  production.    Moderate  -Kind  and  sheet  erosion  are  in  evi- 
dence in  the  lov.cr  portions  of  all  three  drainages  of  the  area. 

The  dominant  tyr>e  of  vegetation  in  the  area  is  the  short 
grasses.    On  the  interstream  areas  and  rolling  uplands  the  vege- 
tative cover  consists  primarily  of  blue  gratia  and  nigger  wool.  On 
the  terraces,  sandgrass  and  needlegrass  predominate,  vfrereas  on 
the  creek  bottoms  the  cover  consists  of  a  mixture  of  grasses, 
principally  western  fiieatgrass.    The  Black  Hills  area  of  the  upper 
stream  basins  also  supports  considerable  timber  grcvrth,  mostly 
pine  and  spruce.    The  carrying  capacity  of  the  grassland  in  the  area 
is  estimated  at  about  30  surface  acres  per  airb-ial  unit  for  a  li-month 
grazing  period.    The  grazing  period  varies  iron  3  to  10  months  per 
year. 

Surface  Yater 

There  are  no  gagin-j  stations  maintained  in  the  area.  There 
r.as  a  station  on  Doxelder  Creek  at  Blackhavd:,  routh  Dakota,  during 
portions  of  190£,  1904,  1S05,  and  1906.    The  maximum,  minimum,  and 
mean  annual  discharges  in  acre-feet  were  55,500,  16,400,  and  26,000, 
respectively,  during  this  period  of  record."'"    The  streams  in"  this 

1   House  Document  No.  190,  72nd  Congress,  1st  Session,  Army  Engineers 
Report  Cheyenne  River,  South  Dakota  and  vyomingo 
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area  generally  have  a  moderate  flow  In  their  upper  reaches,  due 
primarily  to  discharge  from  springs*    However,  in  all  three  streams 
the  late  summer  flows  are  entirely  dissipated  as  they  pass  over 
the  Pahasapa,  Englewood,  and  V."hitev,!ood  limestones  and  MLnnelusa, 
Lakota,  and  Dakota  sands tones Because  of  these  geologic  con- 
ditions it  is  believed  that  any  estimates  of  run-off  for  the  entire 
basin  of  any  one  of  these  streams  would  be  misleading*    It  appears 
that  there  is  no  assured  water  supply  available  for  Irrigation  or 
storage*    Estimates  of  run-off  should  be  made  for  each  facility 
before  construction  is  contemplated* 

To  assist  in  determining  available  stream  flow,  gaging  sta- 
tions should  be  established  at  strategic  points  in  the  area  and 
should  operate  concurrently*    The  following  locations  are  suggested 
for  gaging  stations  t    Immediately  above  the  first  sink  holes,  im- 
mediately below  the  lest  sink  holes,  and  at  the  mouths  of  each  stream* 

frater  Rights 

The  waters  of  South  Dakota  belong  to  the  public,  end  the 
non-navigable  waters  are  subject  to  appropriation  for  beneficial 
use*  Prior  use  establishes  prior  right  and  water  for  irrigation 
purposes  is  a  tjpur  tenant  to  the  land*   There  are  tw  main  distinc- 
tions in  the  classes  of  water  rights,  water  rights  on  non-navigable 


1  Shown  on  Map  2* 


Btsesotd  and  -water  rights  ca  day  draws*    The  distinction  is  defined 
thuslyt    "The  words  'dry  draw'  and  'water  course',  as  used  in  this 
section,  shall  be  construed  to  mean  any  ravine  or  watercourse  not 
having  a  flow  of  at  least  twenty  miner's  inches  of  water  during  the 
greater  part  of  the  year  One  cubic  foot  of  water  per 

second  is  equivalent  to  fifty  miner's  inches."*   Bear  Butte,  Elk, 
and  Boxelder  creeks  are  classified  as  non-navigable  streams  in  the 
State  Engineer's  office* 

The  dry  drew  appropriation  was  intended  to  allow  settlers 
and  landowners  to  construct  reservoirs  for  impounding  storm  waters 
without  having  to  incur  the  expense  of  making  surveys  and  submitting 
applications  in  regular  form  to  the  State  Engineer*    The  law  merely 
requires  a  location  certificate  to  be  filed  with  the  Register  of 
Deeds  in  the  county  in  which  the  appropriation  is  made,  a  copy  posted 
at  the  point  off  diversion,  and  another  copy  filed  Tilth  the  State 
Engineer*  If  these  requirements  are  fulfilled  within  60  days  after 
posting  the  certificate  and  the  water  is  put  to  beneficial  use, 
the  ap proprietor  then  has  the  right  of  such  water  in  accordance  with 
his  location  certificate*    Then  if  the  appropriates  desires  a 
certificate  from  the  State  Engineer  to  the  effect  that  he  has  a 
water  right  under  the  laws  of  the  State  (state  water  right),  he  is 
required  to  petition  the  State  Engineer  for  it* 

There  are  many  water  rights  on  the  streams  in  this  area*  Table  2 
shows  the  total  filings  for  each  drainage* 


1  State  of  South  Dakota  -  Regular  Legislative  Session  of  1959  - 
Code  Revision  Report,  Volume  VUI0 
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Table  2,— -Water  nights  and  Dry  Draw  Filings  on  Bear  Butte, 
Elk,  and  Boxelder  Creek  Watersheds,  South  Dakota, 
January  5,  1940 


T/ater  Rights 

Dry  Draw  Filings 

Water  shed 

Cubic  Feet  per  Second 

Number 

Bear  Butte 

115.25 

4 

Elk  Creek 

596.10 

12 

Boxelder  Creek 

1,585.10 

24 

Source j  Records  from  the   State  Engineer !s  office,  Pierre,  South  Dakota. 


The  locations  of  the  water  rights  Faking  up  the  totals  shown  in 
Table  2,  are  shown  on  Map  1.    The  "waters  of  these  streams  are  greatly 
overappropriated  and  care  must  be  exercised  in  any  water  conservation 
development  not  to  interfere  with  prior  water  rights. 

Existing  Water  Facilities 

Existing  water  facilities  within  the  drainages  of  Bear  Butte, 
Elk,  and  Boxelder  creeks  consist  of  direct  flow  irrigation,  stock 
water  ponds,  farmstead  wells,  and  a  few  flood  irrigation  facilities. 
There  are  several  artesian  wells  in  the  vicinity  of  Sturgis  and  Rapid 
City. 

Irrigation  has  been  practiced  by  several  operators  in  the 
area  for  many  years,  as  is  evidenced  by  the  number  of  old  water 
rights.    Most  of  these  irrigated  acreages,  however,  were  dependent 
upon  flood  flows  and  often  did  not  have  sufficient  water  during 
the  late  summer  months.     There  have  been  several  water  spreading 

1     Statement  of  operators  residing  in  the  area. 


and  flood  irrigation  units  installed  vithin  the  past  year  by 
the  Fort  Meade  Civilian  Conservation  Corps  C->mp  under  the  super- 
vision of  the  Soil  Conservation  Service .    These  units  did  not 
operate  successfully  during  the  1939  season.    Precipitation  dur- 
ing the  1939  growing  season,  especially  after  the  6-year  period 
of  lor.  precipitation,  was  insufficient  to  cause  run-off.  More- 
over, the  1:39  season  was  the  v.armest  in  the  history  of  the 
leather  Bureau  station  at  Rapid  City.1 

There  are  tv.o  irrigation  projects  in  the  area,  vMch  serve 
about  750  acres.    One  is  located  on  10.k  Creek  and  the  other  on 
Boxelder  Creek,  as  shown  on  Map  1.    They  both  divert  rater  directly 
from  the  stream  channel  by  means  of  a  concrete  overflow  dam.  Water 
is  distributed  by  means  of  gravity  ditches.    For  several  years 
there  has  been  insufficient  stream  flow  to  operate  either  system. 

Annual  water  requirements  as  estimated  for  the  proposed  Rapid 
Creek  Project  are  5.80  acre- feet  per  acre.     It  is  believed  that 
the  figure  -would  be  applicable  to  lands  within  any  of  the  three 
drainages  considered  in  this  report. 


1    U.  5,  Dq)artm*snt  cf  Agriculture-  weather  Bureau  Station. 
Z    Statement  of  operators. 

3    Report  on  Rapid  Valley  Irrigation  Project,  South  Dakota, 
U«  P.  Department  of  the  Interior,  Bureau  of  Reclamation. 


Past  Irrigation  Inve stigations 

Considerable  interest  in  irrigation  v.as  irjanifcst  in  the 
area  in  1920,  and  the  Rapid  City  Chamber  of  Commerce  hired  IZ»  IU 
Chapman,  a  consulting  engineer,  to  make  a  report  on  irrigation 
possibilities  of  the  streams  fLondng  eastward  from  the  HLack  Hills, 
from  TSUc  Crock  on  the  north  to  Bea\'er  Creek  on  the  south.  Several 
dam  and  reservoir  sites  v;ero  investigated,  tr.o  of  rhich  v;ero  on 
Elk  Creek  and  tv.o  on  Boxeider  Creeks 

'ine  -sites  investigated  on  Elk  Ci-ttek  contest; dated  aff stream 
storage  of  flood  £Lo*s  in  evsevvoirs  designated  as  131c  -No.  1  and 
Elk  No*  2,  ithich  are  ii^OTnix  on  Map  1»    Those  irao  sites  were  examined 
in  detail,  surveys  made,  and  &aps  and  cost  estimates  prepared* 
feveral  plans  of  development  were  considered  with  estimated  con- 
struction costs  varying  from  £60,00,5.60  to  ;107,G56 ,40. 

The  sates  invsstigafced  on  Saxelder  Creek  contemplated  storage 
in  the  stream  channel  and  are  designated  ae  S3  be  No«  3  and  Llozelder 
Reservoir  on  Map  1.    The  Forest  Service  dug  several  test  pits  in 
the  vicinity  cf  rite  No.  8  and  discovered  unsatisfactory  foundation 
conditions.     The  Boxelder  Reservoir  site  v;as  surveyed,  and  a  pro- 
posed irrigation  district  was  mapped  in  1930  by  E.  C.  LeTas,  an 
engineer.    No  co:t  erti-ratec  nsra  aveilanl e  fc-r  vzry  of  the  proposed 
storage  reservoirs  en  Bcocelder  Creek. 

In  regard  to  storage  of  tvater  upon  these  streams,  li-r.  Chapman 

1  Information,  Reports,  and  maps  furnished  by  the  Rapid  City  Chamber 
of  Commerce. 

2  Statement  of  a  member  of  the  Pennington  County  Land  Use  Planning 
Committee. 


makes  this  statement :    "In  vie/v;  of  failures  of  storage  reservoirs  in 
various  sections  of  this  country,  to  hold  water  economically  and 
successfully  (not  on  account  of  poor  construction,  but  on  account 
of  nature  of  the  reservoir  bed  itself,  porous  conditions,  and  in- 
ability of  the  "builders  to  successfully  puddle  and  make  nearly 
rater  t ight  the  floors  or  beds  of  the  available  storage  areas )3 
I  recommend  that  no  large  dams,  nor  large  areas  of  storage  be 
attempted  until  at  least  one  snail  dam  and  reservoir  has  been 
completed  and  tc::ted,!» 

At  the  time  the  field  investigations  ivere  carried  on  by  the 
Bureau  of  Agricultural  Economic sf  major  interest  was  centered  on 
stock  water,  rater  spreading,  and  flood  irrigation  development. 


n 

fiCOKOirrC  CONDITIONS  IN  TIT-  AREA. 

The  area  is  primarily  an  agricultural  area  with  little  in- 
dustrial development*    There  is  a  small  bentonite  plant  at  Sturgis, 
a  plaster  plant  at  Piedmont,  and  numerous  small  sawmills  and  gold 
mines  in  the  Blade  Hills  portion  of  the  area. 

The  first  settlers,  who  were  hunters  and  trappers,  came  to 
the  area  about  1073 •   An  army  post  near  the  present  site  of  Fort 
Meade  was  later  established,  and,  as  the  Indians  were  driven  further 
west,  cattlemen  settled  in  the  area.    However,  no  large  influx  of 
settlers  occurred  until  the  area  was  opened  for  homes teading  about 
1900.    The  early  cattlemen  operated  large  units  and  utilized  the 
free  range.    They  produced  only  crops  sufficient  for  their  immediate 
needs.    Mth  the  large  influx  of  settlers,  the  smaller  ranch  units 
were  displaced.    The  larger  cattle  operators  remained  in  the  area  but 
were  forced  to  raise  more  feed  because  of  the  restricted  range.  The 
drought  period  about  1911  forced  many  of  the  homesteaders  to  leave, 
but  the  war  boom  of  1914  to  1918  brought  many  of  them  back,  and  much 
of  the  area  was  devoted  to  the  production  of  wheat*   Recent  years  of 
drought  and  decreased  farm  income,  due  to  low  prices,  have  caused  the 
abandonment  of  many  of  the  dry  land  farming  units  and  a  decrease  in 
the  number  of  cattle. 
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jWLation.  ^Asportation.  *£&  Facilities 

The  total  population  of  the  area  is  estimated  at  5,000,  about 
one-half  of  vMch  is  rural.   The  rrincipal  town,  Sturgis,  which  has 
a  population  of  about  2,000,  is  the  county  seat  of  Ifeade  County. 

The  Chicago  and  Northwestern  Railroad  traverses  the  Boxelder 
Creek  Tiatershed  from  east  to  west  and  extends  north  from  Rapid  City 
through  Sturgis.  Numerous  Federal,  State,  and  county  roads  provide 
adequate  highway  facilities. 

Sturgis  and  Rapid  City  are  the  principal  shipping  points 
for  cattle  produced  in  the  area.    There  is  sufficient  local  demand 
for  hay,  forage,  and  garden  truck  produced  in  the  area,  but  during 
the  drought  periods  there  has  been  a  serious  shortage  of  these 
items. 

A  power  lire  parallels  the  railroad  end  serves  the  larger 
towns  in  the  area.    The  Rural  Electrification  Adainistration  has 
a  project  in  the  area.    There  is  a  natural  gas  line  of  the  Itontana- 
Dakota  Utilities    Company,  lrhich  serves  Rapid  City,  Sturgis,  and 
other  toros.    The  tov.ns  are  served  by  telephone  and  telegraph,  and 
several  farm  telephone  lines  serve  the  rural  areas. 

Rural  schools  are  located  throughout  the  area,   nigh  Schools 
ere  located  at  Sturgis,  Piedmont,  and  Rapid  City.    There  are  churches 
la  the  towns,  and  there  are  a  number  in  the  rural  areas.   The  South 
Dakota  State  School  of  Mines  is  located  at  Rapid  City. 
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Farm  Security  Administration  Loans  end  Grants 

Available  information  on  assistance  given  by  -the  Farm 
Security  Administration  to  operators  was  obtained  for  watersheds 
of  Bear  Butte  and  Elk  Creeks*    However,  it  is  believed  that  these 
figures  are  also  representative  of  Boxelder  Watershed.    Table  5 
shows  the  number  of  operators  receiving  loans  or  grants  and  ap- 
proximate amounts  expended  for  grants,  emergency  loans  ,  and  standard 
loans. 

Table  5 •—Farm  Security  Administration  Grants  and  Loans  in  the  Bear 

Butte  and  Elk  Creek  Districts  of  Meade  County,  South  Dakota, 
During  the  Period  1'ay  1955  to  January  1,  1940 

t  Grants     t  Loans 

t  Number  i         "~i  Number  t         Amounts        t  Repayments 

t     of     t  t     of     t  I 

District  t  Clients  i Amount  t  Clients  tSmergencytStandardtBnergencytStandard 

Bear  Butte 

Creek  190  f55,120  119  £4,847  £44,066  $659.26  $6,929.17 
Elk  Creek      145     45,121         56      2,525        22,058     457.56  2,417.25 


Source t  Farm  Security  Administration,  Sturgis,  South  Dakota. 

During  the  period  Ifay  1955  to  January  1,  1940,  the  Farm  Security 
Administration  had  555  grant  clients  who  had  received  1 98, 241,  and  175 
loan  clients  who  had  received  £7,170  in  emergency  loans  and  (66,124  In 
standard  loans. 


I  .and  Ownership  and  Fam  Tenure 

Available  information  on  land  o-rcnership  -was  obtained  for 
I'eado  Count/',  and  it.  ig  belisvsd  bo  be  indicative  of  the  remainder 
of  tho  area.    As  of  January  1,  1958,  about  55  per  cent  of  the  land 
in  the  county  ms  ov.ned  by  private  individuals,  4  por  cent  by  cor- 
porations, 50  per  cent  by  the  County,  10  por  cent  by  the  State,  and 

1 

1  per  cent  by  the  Federal  Government-* 

According  to  the  1955  U.  3.  Census,  there  vp.to  490  fnrms 
in  Tattodc©  County,  1,756  in  T'eade  County.*  and  1*511  in  Pennington 
County.    About  50  per  cent  of  the  farrss  in  taiTrence  County  ners 
operated  by  orwicrs,  32  per  cent  by  tenants,  and  the  ronaindor  by 
part  owners.    In  !,Teade  County,  only  about  56  per  cent  of  the  fams 
wore  operated  by  owners,  29  per  cent  by  tenants-  and  55  per  cent  by 
part  oivncrs.    Similarly,  about  35  por  cent  of  the  farms  in 
Penninfton  County  were  operated  by  omers.  30  per  cent  by  tenants, 
and  the  reminder  by  part  orvners.    It  is  believed  that  the  pro- 
sent  numb?r  of  fam  operators  in  those  counties  is  soner.hat  "less 
th<an  that  indicated  by  the  Census,  as  some  dry  land  faming  units 
have  boon  abandoned  because  of  the  drought.    It  appears  that  the 
avoraro  operator  in  the  area  or.ns  about  25  r>or  cent  of  the  land 
in  liis  unit  and  rents  the  remainder. 


1   Data  furnish. ed  by  Agricultural  Ajjont,  "eado  County. 
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Present  land  Use 

alio  aroa  is  prirarily  a  livoatock  area,  altVou-h  thoro  is 
sone  production  of  cash  nrain.    Jnforration  obtained  for  "eadc  County 
shone  tlttt  about  10  per  cent  of  the  land  is  under  cultivation,  40  per 
cent  is  in  the  restoration  proffraj :  of  the  Agricultural  Mjustnont 
Administration,  and  about  50  per  cent  is  in  ranee.    The  cultivated 
land  is  used  for  the  production  of  rfceat  and  foranc  crops. 

Available  data  on  mhoat  yields  for  Peade  and  Ponninrton 
counties  arc  shown  in  Table  4. 

Table  4.— Per  Acre  Yields  of  "heat  in  I'eade  County  and  Pennington 
County   South  Dakota,  on  a  Soudoft  Aaroaga  Basis,, 

1923  to  1939 

i ah ala,  per  Ac/re. 


Year  >  'fe'a'do  County"       Ponninrton  County 


1923 
19P.4 
1925 


0.9  12.2 

?_?..0  10.1 

16.3  10.4 

19P.6  --4..G  14.9 

1927  15.0  10.7 

t  923  14.6  13.1 

1929  31.7  14.0 

1930  10,4  10.G 

1931  1*0  1,8 

1932  18.9 

1933  ^°  3,5 

1934  ?-.l  1*2 
1986  9-5  ?'J 
1936                                                 l-O  1,2 


1937 


7.6  6.4 


1938  3-0 

1939  I*5  1,5 


1923-59  avoraro 


9.4  9.5 


1923-29  averare  13.6  14*5 

1930-yD  averare  6.5  6.0 


SolarcsT  "T)7*  3 .  Department  "of  AcHculture,""  Anricuitural  Varketinr  Service , 

1  Data  furnished  *by  Agricultural  Apent.  Voado  County. 

2  Preliminary. 


2A 


On  a  seeded  acreage  basis,  the  average  annual  per  acre  yield 
of  -wheat  for  the  period  1923  to  19S9  inclusive,  is  9.4  bushels  for 
Ifcade  County  end  9,5  bushels  for  Pennington  County.    During  the  last 
10  years,  yields  have  averaged  6.5  and  6.0  bushels  for  Meade  and 
Pennington  counties,  respectively.    In  the  first  7  years  of  the 
period  1925  to  1959,  yields  averaged  15.6  bushels  for  Meade  County 
and  14.5  bushels  for  Pennington  County.    Chart  1  indicates  that 
precipitation  was  below  normal  during  8  of  the  last  10  years,  -where- 
as during  the  first  7  years  of  the  period  below  normal  precipitation 
occurred  only  in  2  years,  1924  and  1928.    As  a  yield  from  6  to  7 
bushels  per  acre  is  considered  locally  as  being  necessary  to  repay 
production  costs,  it  may  be  readily  seen  that  there  is  little  profit 
in  wheat  production  in  this  area  during  years  of  below  normal  pre- 
cipitation. 

During  a  few  years  in  the  early  thirties,  when  wheat  yields 
in  the  area  were  better  than  average,  prices  were  relatively  low. 
Over  a  period  of  years,  therefore,  the  combined  effect  of  low 
yields  and  relatively  low  prices  makes  it  impossible,  in  most 
instances,  for  a  farm  family  to  obtain  an  income  adequate  for 
family  living  without  financial  aid  from  sources  other  than  the 
farm  unit  when  major  reliance  for  farm  income  is  placed  on  wheat 
production. 


According  to  the  1950  U,  S«  Census^  only  about  25 
to  33  por  cpnt  of  the  derating  units  in  the  three  counties 
TOs  classified  as  r&ock  ranches*    From  Q  to  28  per  c^nt  of  the 
unit?  was  clas  sified  as  cash  ^rain  farms-j  and  from  16  to  19 
per  cert  as  general  .farm**    Ho"wevor3  about  5o  per  cent  of  the 
land  in  farm*?  in  Laisrence  County  5  60  per  cent  in  Keed«  County, 
and  about  45  per  cent  in  Pennington  County  v.-ere  in  livestock 
units*    Table  5  shows  the  percentage  distribution  of  operat- 
ing units  and  average  size  of  fviims  by  typo  of  farming  for 
each  of  the  three  counties*    As  previously  indicated,  some 
Changes  have  since  occurred  because  of  the  drought?  The 
types  of  operating  units  considered  to  be  prevalent  in  the 
area  are  livestock  units  end  combination  cash  qprain  and 
livestock  units* 

Table  5  also  indicates  the  variations  in  the  average 
size  of  operating  units  by  types  of  farmsa    Stock  ranches 
predominate  in  these  counties  and  average  in  size  from  726 
to  1..286  acres*    Cash  -Train  farms  are  of  variable  importance 
in  the  three  counties  and  vary  from  491  to  662  acres  in 
size* 
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Table  5.— fterotBtep  Blatribufcion  of  Qperatiag  Unite  by  iype  o£ 
Farming  and  Average  Size  of  Fain  in  Lawrence,  Keade, 
ar;d  Pennington  aouatica,  Couth  Dakota,  1050 


 ~  tLaryono s  County  i    ILezdo  County    : Pennington  County 

:  tAverage*  : Averages  tAyerage 

Type  of  Farming  'Per  centsSlze  ii^Per  centiSize  imper  cent:Siise  in 
j  .  Acres  *  :  Acres  :  i  Acres 

Stock  Ranch 
Cash  Grain 
General 

Animal  Specialty 
Crop  Specialty 
Self-sufficing 
Dairy 
All  other 


Total 


24 

726 

33 

1,186 

25 

1,286 

8 

491 

22 

*617 

28 

662 

16 

115 

19 

455 

16 

469 

5 

131 

6 

306 

4 

175 

7 

440 

4 

537 

6 

415 

7 

107 

I 

229 

2 

190 

15 

296 

4 

456 

5 

399 

18 

11 

16 

LOO 

361 

100 

710 

100 

661 

Source:    U.  S.  Census,  1930. 

More  recent  Census  data  on  the  variation  in  size  of  operat- 
ing units  in  these  counties  is  saotsn  in  Table  6.    It  is  estimated 
tnerefro.a  that  only  about  15  per  cent  of  the  farms  in  Lawrence 
County,  40  per  cent  in  Meade  County,  and  about  25  per  cent  in 
Pennington  County,  were  larger  than  640  acres  in  size.  Ihese 
farms  occupied,  however,  55  per  ceno  of  the  aceage  in  farms  in 
Latvrence  County,  75  per  cent  in  iieade  County,  and  about  70  per 
cent  in  f  canington  County. 
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Table  6. — Size  of  ?arcs  in  Larrenco,  T'eadc,  and  Pennin/jton 


Countios,  South  Dakota,  1935 

Size  Group   E-Wbor  of  Fania  

 (.(Veres)    Lav/renffe  County  :  Toado  County  :  Pennin/rbon  County 

Under  99  15S  GP  157 

100  -  174  98  194  228 

175  -  259  53  90  86 

260  -  379  50  271  191 

580  -  699  88  449  294 

700  -  999  26  211  128 

1,000  and  over  _42  453  227 

Total  4S0  1,7S6  1,511 


Source:    U«  3.  Census,  lv6b. 
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HECOMENDED  IAED  USE  AND  DEVELOPfEFT  OF  Y*ATER  FACILITIES 
Recommended  Land  Use 

It  is  believed  thet  the  area  is  best  suited  to  the  production 
of  livestock  because  of  the  highly  variable  and  erratic  occurrence 
of  precipitation.    As  a  result  of  the  recent  drought,  the  proportion 
of  the  area  used  for  crop  production  has  been  gradually  reduced* 
Major  reliance  for  farm  income,  therefore,  in  all  instances  should 
be  placed  upon  livestock  production.    Under  favorable  moisture  con- 
ditions, however,  some  acreage  will  probably  be  used  for  the  produc- 
tion of  cash  grain. 

On  the  basis  of  a  previous  report  covering  a  portion  of  Keade 
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County,  it  is  believed  that  a  total  of  150  animal  units    is  neces- 
sary in  this  area  to  pay  average  farm  overhead  and  operating  expenses 

and  to  provide  the  average  farm  family  with  a  minimum  income  adequate 

2 

for  family  living*     On  the  basis  of  the  estimated  carrying  capacity 
of  range  land  in  this  area,  20  surface  acres  per  animal  unit  are 
required  for  an  8-month  period.    It  is  necessary,  therefore,  that 
operators  in  this  area  with  minimum  cattle  units  have  long-time  con- 
trol of  at  least  5  sections  of  grazing  lando    In  addition,  operators 
should  control  enough  crop  land  to  provi.de  winter  feed  and  adequate 
feed  reserves  o    It  is  recommended  that  any  contemplated  wheat  pro- 
duction during  periods  of  favorable  moisture  be  limited  to  a  part 
of  that  portion  of  a  unit  devoted  to  the  production  of  feed  crops  « 

1  An  animal  unit  is  a  range  cow  weighing  1,000  pounds  or  its  equivalent,, 

Z   Uo  S*  Department  of  Agriculture,  Bureau  of  Agricultural  Economics, 
Water  Facilities  Area  Plan  for  Subarea  I  (Northern  Slope)  Cherry- 
Sulphur  Creek  Watershed,  South  Dakota,  February  1959 0 
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As  much  of  the  family  food  requirements  as  practicable  should 
be  produced  on  each  of  the  operating  units  in  the  area,   Wherever  pos- 
sible, advantage  should  be  taken  of  available  water  facilitiesrin  pro- 
viding a  family  size  irrigated  garden. 

These  recommendations  are  of  a  very  general  nature  and  subject 
to  variations  in  individual  cases.    However,  -water  facilities  should 
not  be  developed  on  units  -which  do  not  at  least  meet  these  minimum 
requirements,  -without  careful  consideration  and  justification. 

Recommended  Vfater  Facilities  Development 

There  are  several  locations  in  the  area  -where  -water  can  be 
stored.    However,  the  estimated  construction  costs  of  reservoirs  at 
these  sites  exceed  the  limitation  of  cost  as  set  forth  in  the  Vfeter 
Facilities  Act. 

Flood  irrigation  presents  the  best  opportunity  for  -water  utili- 
zation.   There  are  many  draws  having  sufficient  drainage  area  rod 
suitable  topography  to  cause  flash  run-off  folio-wing  heavy  rains. 
During  the  past  few  years,  however,  these  rains  have  failed  to  materi- 
alize and  as  a  result  there  has  been  limited  run-off.    It  is  recom- 
mended therefore,  that  until  such  time  as  there  is  a  definite  break  in 
the  period  of  low  rainfall  and  an  increasing  amount  is  noticeable, 
development  should  be  limited  to  locations  which  have  sufficient 
drainage  area  to  provide  run-off  during  this  dry  period  and  which 
have  sufficient  potential  irrigable  acreage  to  utilize  the  increased 
run-off  during  periods  of  normal  precipitation.    Care  must  be  exer- 
cised that  no  existing  water  rights  are  infringed  upon. 
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Although  there  are  many  stock  water  reservoirs  in  this  area, 
the  principal  problem  is  a  s-.crta^e  of  livestock  water.    J*  of  the 
stock  water  reservoirs  contained  water  at  the  tine  that  the  recon- 
naissance survey  was  made.    Limited  run-off,  due  to  insufficient 

t  .  . j. _ j   j.  a-  ^«  from  reservoirs 

precipitation,  and,  to  a  *j.;  j.uGS  — —  >   

of  insufficient  depth,  were  responsible  for  this  condition.    It  is 
recommended,  therefore,  that  all  stock  water  reservoirs  be  constructed 
with  a  minimum  depth  sufficient  to  carry  water  ever  for  i  year. 

Ia  the  Black  Hills  and  areas  immediately  adjacent  thereto, 
ground  waters  for  livestock  and  farmstead  uses  are  almost  everyvtoe 
available  to  pumped  wells  from  depths  of  10  to  1,200  feet  and  tc 
flowing  wells  Crom  depths  of  200  to  1,200  feet.    Most  pumped  wells 
need  not  exceed  500  feet.    Some  flowing  wells  should  provide  water 
for  the  irrigation  of  tracts  larger  than  farmstead  gardens.  The 
construction  of  flowing  wells  to  supplement  streamflow  for  livestock 
uses  is  believed  i  ^.practicable . 

In  most  of  the  plains  portion  of  tfce  area,  ground  waters  for 
livestock  and  farmstead  uses  are  not  economically  available  except  to 
shallow  *ells,  10  to  SO  feet,  al.ng  streams,  and  locally  or.  interstream 
areas.    Deep  wells,  1,000  to  5,XC>  feet,  to  obtain  either  tlowdng  or 
pumped  artesian  *ells  are  believed  not  to  ds  economic  unlsss  other 
means  of  supplying  livestock  and  farmstead  waW  are  net  available. 

As  an  alternative  to  the  use  of  surface  ar  ground  water  for 
garden  irrigation  and  as  a  desirable  water  conservation  practice,  snow 
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trap*  ghcwM  be  utilized  to  catch  drifting  mow. 

Hev  direct  flow  irrigation  development  should  not  be  under- 
taken, beesusfi  ox  overappropriation  of  present  stream  flor.  The 
possibility  of  combining  some  of  the  present  direct  flon  irrigation 
systems  to  better  utilize  the  seating  v.atcr  sipply  should  receive 
caraCr;-.  ocneicieratiflc.   Existing  irrigation  facilities  rfiould  be 
r  ec  onditionefe « 

The  installation  of  stream  gauges  at  strategic  points  is 
recommended* 

Tne  sink  holes  on  Spring  Greek,  just  south  of  the  area,  have 
been  plumed  by  mechanical  means.  .  Observation  of  the  effectiveness 
of  this  wrk  compared  nith  the  cost  will  give  a  basis  for  determining 
the  feasibility  of  similar  measures  on  the  streams  in  this  area.  Such 
vork  is  not  recommended  at  this  time. 
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The  doveioptaeat  of  •mater  facilities*  a«  reeawwnded  herein 
vdli  assist  in  the  stabilisation  oi*  orating  units  is»  area. 
Such  development  vdll  nak«  poesti&e  the  irrigation  of  faaLly  scired 
gardens  which  will  contribute  greatly  to  the  row!  needs  required 
by  tnc  fans  rsfflUy.   «er  spreading  and  flood  irrigation  .Cacilii 
■will  increase  the  production  of  eopplemental  feed  and  tend  to  assure 
the  production  of  1*3 2  in  dry  yasra* 
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Chart  I  «  Geologic  Section  and  Its  Iteration 
to  Grouijd  Water 

I&p  1     -  Sideling  17atsr  Facilities 

Kip  2     -  Geology  a^d  Ground  Water 
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